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GEOMETRY AND CONTINUITY 

Architecture has alnays been concerned in one \+a! or another 
\$it11 continuitj: the continuit!. for example. betveen a concep- 
tual diagram and construction. or tlie continuit! betueen a 
particular organization of rnatter (tectonirs) and its appearance 
(for~n).  Historicallr. geometrl and mat lie ma tic^ ha\ e s en  ed as - - 
the prirnaq medium for the conceptualization of continuit!. but 
not ~ i t h o u t  important contradictions.' There ale riunierous 
exa~nplrs of these contradictions in both practice and theory. 
hut the! are more or less consistent xjith I itru~ius's account of 
temple design \+here he  prescribes (unintentio~ially) t ~ o  rnutu- 
all! e.iclubi\e uses of geometry. On the one  hand. he prescribes 
an ideal Platonic geometrj for the design and form of the 
temple. and. on the other. he  prescribes an instrumental 
geometn to resolve the problems of appearance in the final 
construction. The reason is that once a temple is built. 
geonietl?'s effects have a tendencj to diift arid certain 
interxentions become necessarj. such as entasls. that is. the 
application of a curie to orthogonal elements in order to 
proxide consistent! bet\$een idea and appearance. concept and 
pertormance. lar+ and exent. truth and sense. The ideal 
geometi? prolides contiriuit~ hetueen a general set of lans and 
a general set of design techniques. The  iristrulnental geornetrj 
prolides continuit! betnee11 the constructed huilding arid its 
perceiled effects. Despite the fact that we call both techniques 
geometrical. the rneaning of "geornetr!" is no longer reducible 
to a rrior~olithic paradigm of ideal relations. proportions. and 
~oncept*. For. in tact. it has come into conflict ~ i t h  tlie 
specificit! of rnaterial effect>. 

Todd! the prohlern is not much different. Foreign Office 
Architect's 'l olioharria Port Terminal \+as initiall! conceil ed a? 
a topological diagram. a s!stern of folded elements that 
pro~ided continuit! be t~leen landscape. infrastructure. and 
architecture on the one hand. and. on  the other. continuit\ 

across program. circulation. space. and enlelope. T h e  original 
engineering diagram for the  project described the structure 
through topologicallj unified geometrical folds ~ l l i c h  e~nbed-  
ded the structure in the building's infrastructural/architectu~al 
enrelope. Nom. it I\as original11 thought that fine-grained 
sectional cuts through the olerall assemblj ~ l o u l d  proxide 
adequate geometrical information fro111 uhich to derixe a 
continuous structuial <!sten1 of btabilitl. This approach. h o ~ -  
el er. riel er actuall! 14 orhed. It \\as a form of re1 erse engirieer- 
ing in which it Mas thought that. $\en enough sectional cuts 
one could then mateiially loft those sections. As t h e  final 
engineering documents indicated.  hat the project ultimatel! 
required Mas a aecond system of geometn. a geometq  of 
standard radii (of I\hich there nere selen sizes) in order to 
pi or ide maximunl stability diagonallq. horizontall!. verticallj . 
arid axiallx. and. therefore, achieve the desired spatial. pro- 
grammatic. and  circulatory continuity as originall! expressed in 
the co~ripetition models and diagrams. The difference is that in 
the case of FOA. as opposed to Iitrurius. the geometrical 
proble~n was resohed through the sJnthebes of local and  global 
geometries. '& hereas 1 itruvius p r i ~  ileged an ideal geometr! that 
Itas homogeneous thiough and through. FO.1 emphasized 
geometries tha t  Mere instrumental. that were general and 
particular. homogeneous and heteiogeneous. The emphasis on 
continuit! in the  architectural etfects as a strategy for the 
continuit! of material organization (the constarit folding. for 
example. of architecture. landycdpe. and infiastructure) ~ d s  

achieled through the sacrifice of continuit! in geometrical 
idealit! - or. almost. 

SI.RFACE AKD DIGITAL DESIGK 

For. in fact. it is important to recognize that FOYs diagram oj 
surface continuit! uaa concei~ahle on]! \\ithin a paradigm shift 
in architectural media arid tec,hnicjues. I am speaking of course 
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ol the fact that the vo~npetition design- 11) FO-1 as ue11 other 
fmalist~ TI ere 1 isuall?. didyannnaticall!. and con( eptuall! 
embedded in an emerging media of iu~face  geo~riet~? made 
po-iihle 1q the introduction of Uias and e~entuall! \Ia!a and 
othel n~odeling s o h a r e  that 1,cgan to malie their ua! into 
ad~dnced alchitectural design institutionc in the eall~, to mid- 
nineties. It doesn't matter that these aichitects alao had material 
modelb. The fact is that  the ernphasis on folded *u~faces was 
made possible in the  first plate b! the introduction of product 
design modeling  soft^ are into the discipline ol art llitectural 
education and. at t h e  same time. a theoretical phase-change 
from Deconstructionist to Delruzian philosoph~: that is from 
critical theory to materialist philosophg, of which one of the  
most important organizing concepts beca~ne Deleuze's concept 
of the fold. 

Toda!. these transformations and emphases h a ~ e  become 
synonjmous uith what is called digital design in architecture. 
Ind.  despite the protestations of one of it. original contributors. 
Greg Ljnn. digital design has become sylon!rnous nith a 
pictorial logic that pri~ilegec form that is yet another form of 
Idealit:, . 

The question is: what are some of the possibilities in digital 
media that might a l l o ~  for a geometn that is intensilel! 
material and not over-burdened by a pictorial logic? -1nd the  
answer. I belime. is t o  be found. on the one hand. in the use of 
scientific s o h a r e  for the complex mathematical handling of 
pattern and. on the other. the rigorous transformation of those 
patterns through material assemblages. 

COMPUTATIONAL DESIGR 

If one v a n s  the current academic field. one begins to find 
pockets of alternatike rebearch that challenge the in t ens i~e  
surface logic of digital de3ign. Looselj \ \e  could call those 
strategies b"coniputational" rather than digital. for the! pr i~i lege  
neither geometrical paradigms. nor the xirtual (\+hich man) 
mistakenl! claim is the  same aa the immaterial). no1 the purely 
mate~ial-what the! pri~ilege ia the s~nthes is  between local 
and global properties of geometr! through the generation of 
pattern. lrnong the examples. one could identif? the \+ark of 
Iiarl Chu. Jesse Reiser and Vanaho L~nernoto. and Cecil 
Balnlond. Cornputationdl de-ign is focused primaril~ on the  
possibilitg of emelgent lathel than constructed geornetn. Its 
apecific talue in arcliitectule lies in it< abilitk to establish or  
generate a mesl~worli of connections uith other ditciplines and 
phenomena for which digital de-ign can onl! act. as it Mere. as a 
xibual host. Digital design. I uant to sa!. is primaril! representa- 
tional. u hereas computational design ic inhe] end! generatix e 
and transformatile. T h e  m o ~ t  irrlportant problem for architec- 
t u ~ e  toda! is still this: the difference between a representational 
logic and a material one: hetxeen a conreptual and cornposi- 
tional strdtez on the  one hand. and an interrogati~e one on the  

other: betueen conceptual intentions and a tcv-hnique: Iwtneen 
a torrn and a form of life. 

CFD, GEOMETRY, AKD MATTER 

-1nother form of computational d e ~ i g n  can he iound in the 
dm elopment of Computational Fluid D! narnic. (CFD). CFD ib 
ebsentiall! concernetl bit11 the geometq of material relation<. 
Lnlil\e surface-intensi~e modeling. CFU offe~s nothing that 
could be  des~iihed as bounded form. \;\; hereas surface modeling 
depends filst on the figural idealit! of the line or edge as the 
li~nit of a plane or the extent of bounded form. CFD is. in fact 
borderless. For a h a t  CFD describes is in fact not a form. but 
rather exol~ing shifts in material identities and relations. To 
this extent it is a tool for the inPestigation of geometr! and 
topology. not through form. but rather pattern. and. in 
particular. pattern under conditions of turbulence. 

One of the tjpical conceins of non-linear acience in far-from 
equilibrium s!aterns is the notion of phaae change. Phase- 
change is the expression of \\hat might be called a regime 
change of organization and behaxior emerging out of an  
identical set of mate~ial  elements due to an internally or 
externall! de r i~ed  excess of a particular parameter. such as 
temperature or pressure. 4 similar concept occurs in the  
characterization of fluid flow: turbulence is not a shift in the  
chemical propertg of a material but rather a shift its geometrical 
organization. The difference is that in the lat te~ cabe. change is 
characterized by dimensionless nurnbers (uhich are. ne\ erthe- 
less empirical). such as the Rejnolds  numher or the Rayleigh 
number. The mapping of these behaliors therefore lies within 
the space of mathematical functions and thus patterns rather 
than discrete numerical objects. ,4nd this is where CFD 
proIides an alternatix e to traditional concepts of geonletric and 
sudace-intensi~e form. CFL) exploits t ~ o  major problems for 

" * 

the description of flou. On the one hand. it prolides the 
definition of edges in terms of orientation. 1 elorit!. densit!. and 
xiarositj rather than form. On the  other. it accommodates 
conditions of transformation (turbulence) %here the geo~netr j  
of material relations exceeds the capacit! for gestalt definition. 
that is. pure pattern. It confronts. in other words. the conflict 
between form as bounded ol~ject and pattern as infinite relation. 

One might >a! that the dilemma of ad\anced architectural 
thinliing aince the 19th centun has been caught up in the 
debate between form arid pattern. Indeed. the work of most 
ad\anced architecture can be surrnnarized as a conflict between 
the idealit! of static form and the material teridenc! t o ~ a r d  
entropic deca! oi catabtrophe \\here the  rnate~ial and geornetri- 
cdl edge of aichitecture begins to function according to the 
logic of matter and ex ents rather than iorm. function. that is. as 
the nexus of transformation from. sa!. ground to enxelope. a 
p~ohlenl perhaps originall! introduced in the alchitectural and 
irhastructural design5 I,! Otto 1 a p e r  in \ ienna. and which 
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calls to m i d  TaHnli^~ '-Cential~t! and Suridce": the  iiiterpla\ 
I ~ c t ~ \ r e n  btd-ic and flux. the ontological and iepiewitatior~al 
~xohlern  of the limit. and the problem of " f o ~ ~ n  a. the 
imposition of limit< . . . liulird \\it11 that of lile a. d continual 
hetra\al of foiin it-elf."- 

Fluid dl-11arnic.s is essentiall~ concerned with mapping those 
transfor~nations arid identif>-ing their emergent patterns in 
terms of particle to particle and particle to sjistern relations. 
CFD applies the algorithm of those relations to I-irtual fluid 
operations b!- giving them the characteristics available to an! 
particular fluid. It is thus an important tool (medium) from 
which to derive variegated geometry (local and global) from 
systems of material homogeneity. Howe-\-er - and here is where 
CFD differs horn other types of mathematical descriptions - 
fluid flow requires an analysis of change and rates of change 
and it was not until the advent of calculus that such phenomena 
could be characterized mathematically. Calculus is actualll- a 
means of handling patterns of numbers rather than discrete 
numerical objects. By applying the concept of' function to the 
mathematical domain. analysis was born. and with it a range of 
tools by wllich to i d e n t e  and characterize changes in material 
systenls arid complex material organization. over t h e .  As such. 
the invention of the calculus brought M-ith it a new ontology. an 
ordering ofthe world b\ ~vhich to describe material svstenls in a - 
constant state of flux. 

Architecture is undergoing a siniilar re-orientation. From the 
engineering of Cecil Balrnond and the urban anal!.ea of Rerri 
koolhaas to the Lindemeyer algorithms of Karl Chu architec- 
ture is more and more becoming engaged in finer-giained forms 
of affiliation and niuch less affiliations of form -the word in 
common usage is. once again. pattern. In fluid d!narnics. the 
use of streamlines to describe or diagram the  pattern of f l o ~  is 
consistent uith the character of f l o ~  if that flou is laminar. 
I-Iou ever. once the SJ stem takes on the properties of turbulence. 
the  line is no longer a characteristic propert) of the material 
system unle- it is used to denote the specific pattern of 
beha\ior at that precise instant. (To the  extent that time 
unfolds. it ih impossible to fix the complex geometi? of ~naterial 
relations according to the logic of the grid. for the grid itself. the 
grammar of its rectalinearit!. the donlain of its infinite 
repetition is. in fact. timeless. CFD. in other \\urds. is a 
computationdl mechanism h! nllich v r  ran introduce the issue 
of time into bpatial continuit! vithout pre-figuring the idealit! 
of form). 

Much like architecture. fluid d>namics i- concerned \\ith the 
relation bet~ceen discreet elements and the behaxior of the o\er 
all system. The relation can be concei~ed directl! on the lei el of 
pattern as a self-generating mechanism and the language i n  
~ \ h i c h  that continuitj is embedded is mathematics. The 
exchange tlieri. betveen fluid djnamics. mathematics. and 
architectuie is one in mhich CFD becomes a medium. a 
calculus. a technique through uhich to rethinL architecture's 

iatcgo~iec. thc rclation bct\\i>eri tlicrn. a r d  tliei~ orrtological 
status. It d110~3 archite(tuit~ to rethird, ith specificit! in light of 
a g~o\ \ ing  dernand to1 tontinuit!. -It the same time. it is 
llistoiicall~ linlted to thdt n hich pale iise to surface-intensi\ e 
architecture and foldinp in the first plare, that is. the emergence 
in the 19th c e n t u r ~  of the lIoderri episteme and the introduc- 
tion oi anal!tical technicpcs as that ~ h i c l i  rcplat ed Idea. 
1ninie4i. Nature. and St!le as the conceptual matrix of 
technicpe. 

Architecture is a means of categorizing certain sets of relations 
in certain \\a>s. and  nhat ultirnatel! comes into question is the  
systembj which a certain set distinctions are d ra~ \n .  & e find of 
course one of the  first modern expressions of this in the  
classifications proposed b ~ ,  Baron von C u ~ i e r  who founded - 
biological identities according to their intricate topology of 
functions rather than resemblances. This logic had a tremen- 
dous influence on \arious 19th centur!, thinkers including E.E. 
\ iollet-le-Duc. who argued for an architecture based on - 
emerging materials. processes. and organic sjstems rather than 
representational paradigms.' It had an  equallj profound 
influence on Gottfried Semper who re-arranged the historical 
and genetic categories of architecture and design based on 
materials and techniques rather than form as such. and which 
he  ultimately expressed in terms of functional relations: Y (or 
st!le) = F (x.j.z . . .).' 

The emerging debates about architecture are going to be 
debates about continuit! -not onl! about its means. but also 
about the media through which it acquires a sense of material 
organization and the  geornetr! b! ~ h i c h  to handle it (the 
continuitj between. for example. t!pes of computation) - but 
also. debates about the relation betneen the general arid the  
specific. between the  nhole and the detail. And thus what is 
different. and v h a t  is emergent is the May in ~ h i c h  architecture 
has begun to handle the relation between the general and the  
specific as a new ltirid ot problem of continuitj. not the  
continuity of form. but rather the continuity of matter. e\ents 
and ratea of change. 
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